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Introduction 47 Senescence typically occurs in mature cells of tissues after their growth phase has ceased to enable 48 efficient recycling of nutrients to new growing sinks such as seeds (Thomas, 2013) . At the whole 49 plant level, senescence is considered critical for plant fitness, enabling plants to survive optimally 50 in their given environments. The ability to senesce requires a change in competency of the tissue 51 that happens during aging (Jing et al., 2005; Fracheboud et al., 2009 ). Nevertheless, imposition of 52 stress can make tissue senesce early, possibly as an adaptive response to allow survival of the plant 53 as a whole (Kanojia and Dijkwel, 2018). Prolonged darkness is a stress that results in carbon 54 deprivation and early senescence of chlorophyllous tissues. This has been observed in attached 55 leaves individually covered (Weaver and Amasino, 2001; Law et al., 2018) , and in sepals of 56 immature inflorescences of broccoli and Arabidopsis (Page et al., 2001; Trivellini et al., 2012) . 57
Research on the precocious senescence of these tissues has revealed that signalling key to their 58
degreening is similar to that happening naturally in leaves in planta as they senesce in an age-59 dependent manner and in response to canopy shading. For example, the phytochrome interacting 60 factors PIF4 and 5 that have important roles in the shade response of canopy leaves (Sakuraba et  61 al., 2014) were first identified to regulate the precocious degreening of harvested immature 62
inflorescences of Arabidopsis held in the dark (Trivellini et al., 2012) . Similarly, mutations in EIN2 63
and ORESARA1/ANAC092 that alter timing of sepal senescence of the dark-held inflorescences 64 (Trivellini et al., 2012) were previously identified in Arabidopsis as components of the feedforward 65 control of age-related leaf senescence (Kim et al., 2009 ). 66 67 Phytohormones have long been known to have key roles in senescence regulation. Ethylene, 68 salicylic acid, abscisic acid, jasmonic acid and brassinosteroid promote the onset or progression of 69 senescence; whereas cytokinin, gibberellic acid and auxin delay the process (Gan and Amasino, 70 1997; Lim et al., 2007) . More recently, strigolactones (SLs), which are well-known for their function 71
in regulating seed germination in parasitic plants (Toh et al., 2012 Very little is known on how sepal senescence is regulated in flowers with most research having 86 focussed on petals. To identify key regulators of sepal senescence we systematically evaluated a 87 population of mutant Arabidopsis plants derived from ethyl methanesulfonate (EMS) treated seeds. 88 By using an Arabidopsis Inflorescence Degreening Assay (Hunter et al., 2018), we previously 89 identified three independent mutations in chlorophyll b reductase that resulted in a delayed 90 degreening phenotype (Jibran et al., 2015) . Here we report on the characterization of a further two 91 mutants with delayed senescence that highlight the role of SLs in controlling the lifespan of floral 92 organs. 93 94
Results

95
Two EMS mutants exhibit delayed dark-induced degreening of excised immature inflorescences 96 To identify key genes that regulate dark-induced senescence, we used an Arabidopsis inflorescence 97 degreening assay (Hunter et al., 2018) . Using this assay, we screened ~ 20,000 M2 plants grown 98 from EMS-mutagenized seeds of Arabidopsis Landsberg erecta (Ler-0) and identified 20 mutants, 99 which had inflorescences that when excised and held in the dark showed delayed yellowing 100 (termed delayed inflorescence senescence, dis) compared with wild-type (WT) (Jibran et al., 2015) .
at 3:1 WT:mutant suggesting the mutations were monogenic recessive ( Supplementary Table S1 ). 139 The dis9 mutation was mapped by HRM analysis to the top arm of Chromosome 3 (Chr 3) between 140 0.6-1.5 Mbp ( Supplementary Fig. S3A ), and dis15 was mapped to the bottom arm of Chr 2 between 141 9.6-12.4 Mbp ( Supplementary Fig. S3B ). Whole genome sequencing (WGS) analysis of DNA from 142 50 pooled dis9 positive plants from a segregating population identified a C to T We confirmed that the mutations in the two SL-associated genes were responsible for the dis 169 phenotypes by complementation. The dis phenotype of dis9 was complemented with a WT AtD14 170 construct ( Supplementary Fig. S6 ) that previously rescued the increased branching phenotype of 171
the Arabidopsis d14-2/seto5 mutant (Chevalier et al., 2014). The dis15 plants were complemented 172 with a WT MAX1 construct consisting of the 1293 bp genomic region upstream of the start codon, 173 the 2420 bp MAX1 genomic sequence, and a 185 bp region downstream of the stop codon 174
( Supplementary Fig. S7 ). In summary, the delayed sepal degreening of dis9 and dis15 was caused 175 by non-synonymous nucleotide changes in the coding sequences of AtD14 and MAX1, respectively. 176
These two mutants were therefore renamed as d14-6/dis9 and max1-5/dis15 respectively. 177 178
Highly conserved amino acids are substituted in d14-6/dis9 (S97F) and max1-5/dis15 (G469R) 179
The striking delayed senescence and bushy phenotypes of d14-6/dis9 and max1-5/dis15 suggested 180 that residues Ser-97 in D14 and Gly-469 in MAX1 were essential for proper functioning of their 181 respective proteins. showed that G469 is in the haem pocket packed against the haem group and is close to the haem-205 iron ligand cysteine (C467) (Fig. 6B ). The G469R substitution may cause loss-of-function of max1-206 5/dis15 by disrupting the steric structure of this pocket because there is not enough space in this 207 pocket to accommodate Arg, which has one of the largest side-chains, compared with Gly, which 208 has the smallest one. 209 210
In summary, the S97F substitution in d14-6/dis9 occurs at the catalytic centre of the D14 hydrolase, 211 which likely causes loss-of-activity of D14 because the nucleophilic Ser was replaced by the non-212 reactive Phe. In max1-5/dis15, the G469R mutation in MAX1 occurs in the highly conserved haem-213 iron ligand signature of cytochrome P450 enzymes, which likely leads to a non-functional MAX1 214 protein by disrupting the steric structure of the haem-iron binding pocket. 215 216 G469R substitution in max1-5/dis15 disrupts enzyme activity of MAX1 217
To confirm the loss of activity of max1-5/dis15 (MAX1-G469R) suggested by in silico prediction, we 218 used transient expression in N. benthamiana developed to study the function of SL biosynthetic 219 enzymes (Zhang et al., 2014) . Arabidopsis MAX1-WT, MAX1-G469R and MAX1-G469A were 220 transiently expressed with the upstream enzyme-encoding genes of the CL biosynthetic pathway 221 (AtD27, AtMAX3, and AtMAX4) in N. benthamiana and the substrate (CL) and product (CLA) of 222 MAX1 were measured. Transient expression of AtD27, AtMAX3, and AtMAX4 indeed resulted in the 223 production of CL and not CLA ( Fig. 7A ). When co-expressed with MAX1-WT (either Ler-0 or Col-0 224 version) or with MAX1-G469A, CL was significantly reduced and some CLA was detected. However, 225
when co-expressed with MAX1-G469R, the amount of CL did not decrease although CLA was 226 produced in similar amounts as that produced by MAX1-WT (Fig. 7A ). The lack of a decrease in CL 227
suggested that MAX1-G469R had reduced enzymatic activity. We considered that the absence of a 228 difference in CLA production in the different treatments was likely caused by conjugation (for 229 example glycosylation) of CLA by endogenous N. benthamiana enzymes, as we had observed this 230 several times before in N. benthamiana, e.g., in the transient production of geranic acid that was 231 glycosylated with one or two hexoses (Dong et al., 2013). If CLA conjugation occurs efficiently, the 232 amounts of free CLA would remain low and not reflect the rate of conversion of CL to CLA. Thus, 233
we investigated whether N. benthamiana leaves expressing MAX1-WT accumulated CLA 234 conjugates using LC-QTOF-MS analysis. Indeed, N. benthamiana leaves expressing the CL pathway 235 genes together with MAX1-WT accumulated CLA-dihexose and CLA-hexose conjugates ( Figure 7B , 236 Supplementary Fig. S9 ). When MAX1-G469A was substituted for MAX1-WT, conjugate formation 237
was not significantly different from that in the pathway with MAX1-WT ( Figure 7B , Supplementary 238 Fig.S9 ). However, when MAX1-G469R was substituted for MAX1-WT conjugate production 239 decreased 36-and 15-fold, respectively. To confirm that the G469R mutation was affecting enzyme 240 activity rather than exerting its effect through transcriptional changes, mRNA abundance of MAX1-241
WT and MAX1-G469R was analysed. There was no difference in expression between MAX1-WT and 242
MAX1-G469R when they were expressed in N. benthamiana ( Supplementary Fig. S10 ). Thus, we 243
conclude that the lack of CL conversion and reduced CLA conjugate production in N. benthamiana 244 upon co-infiltration of the CL pathway with MAX1-G469R was caused by loss-of-activity of the 245 MAX1-G469R enzyme. 246 247 MAX1 remains functional when Gly-469 is replaced by Ala 248
As mentioned above, Gly-469 in MAX1 is substituted by Ala in 3.4% of the 1087 predicted 249 cytochrome P450 proteins, but is invariant in MAX1 orthologues. Nevertheless, above we show 250 that Ala can functionally replace Gly-469 ( Fig. 7 , Supplementary Fig. S9 ). The ability of Ala to 251 functionally replace Gly-469 was also supported by MAX1-G469A complementing the dis 252 phenotype of the max1-5/dis15 mutant. ( Supplementary Fig. S7 ). Together, the results support the 253 prediction from in silico analysis that the G469R mutation makes MAX1 non-functional by 254 physically disrupting the steric structure of the haem-iron binding pocket. 255 256
SL biosynthetic and response genes are up-regulated by 24 h of dark incubation in inflorescences 257
Our data above showed that SLs participate in controlling inflorescence sepal senescence. We then 258 asked at what stage of senescence SLs were involved. It has been suggested that the SL biosynthetic 259 pathway is induced by senescence signalling (Ueda and Kusaba, 2015) . If so, SL pathway genes 260 would be expected to be induced later than senescence marker genes. To test this, we compared 261 the timing of transcriptional changes in selected senescence-marker and SL-pathway genes in 262 excised WT inflorescences every 24 h over a period of 3 days of dark treatment using nCounter 263 Technology ( were significantly increased at 24 h ( Fig. 8A ), suggesting senescence in the inflorescences had 266 already initiated by this time. Increased transcript abundance of the late stage senescence-specific 267 marker gene SAG12 (Grbic, 2003) at 48 h indicated that at 2 days of dark incubation senescence 268 was well advanced. 269 270
We used the transcript abundance changes of three SL biosynthetic genes MAX1, MAX3 and MAX4 271 to determine when SL biosynthesis had initiated in the dark-held inflorescences. MAX1 transcript 272 abundance did not significantly change during the first 24 h of dark treatment, but then 273 significantly and substantially increased to be highest at 72 h ( Fig. 8B ). MAX3 transcript abundance 274 was slightly increased at 24 h, suggesting that SL production in the tissue was just starting. From 275 24 h onwards, MAX3 transcript abundance increased in concert with both early senescence 276 markers SGR1 and ANAC092. qRT-PCR analysis of MAX4 revealed a pattern of transcript 277 accumulation that was very similar to that of MAX3 suggesting co-regulation and beginning of SL 278 synthesis by 24 h ( Supplementary Fig. S11A ). 279 280
The timing of SL response was determined by measuring changes in transcript abundance of the 281 SL signalling genes AtD14, SMXL6, SMXL7 and SMXL8. Transcript abundance of the first three genes 282 increased significantly at 24 h of dark treatment ( Fig. 8C , D), whereas SMXL8 transcript abundance 283 decreased to be undetectable at 24 h (Fig. 8D ). The nCounter results for MAX3, SMXL6/8, ANAC092 284 and SAG12 were confirmed by qRT-PCR analysis ( Supplementary Fig. S11B , C). 285 286
Overall the results from the transcript profiling of the inflorescence suggest that by 24 h of dark 287
incubation SL biosynthesis has been initiated, SL signalling is occurring, and senescence has started. 288
Thus, earlier time points were investigated to determine the order of pathway activation. 289 290
SL signalling but not biosynthetic genes respond rapidly to the light-dark transition 291
At 24 h of darkness, the inflorescence tissue had been exposed to 8 h of regular and 16 h of 292 extended night. One of the most notable outcomes of keeping tissue in extended darkness for this 293 length of time is acute carbon starvation caused by exhaustion of starch reserves (Usadel et al., 294 2008), which causes precocious senescence. This agrees with our previous work that found that 295 carbon-depletion resulting from a 24 h dark treatment is a key senescence stimulus for detached 296 immature inflorescences (Trivellini et al., 2012) . We therefore considered the possibility that SL 297 biosynthesis and response early in the extended night are associated with acute carbon 298 deprivation-based signalling. To test this, we compared the timing of expression of transcriptional circadian clock rather than senescence. Because of this, we did not expect SL biosynthesis and 311 signalling genes to respond during this early night time frame. As expected, during the first 6 h into 312 the regular night there was no increase in transcript abundance of MAX1, while MAX3 transcripts 313
were not detected ( Fig. 9A ). Transcript abundance of SMXL7 also did not change during the regular 314 night ( Fig. 9B ). However, at 3 h into the dark period SMXL6 and SMXL8 were up-and down-315 regulated, respectively ( Fig. 9B ). In the max1-5/dis15 mutant, the two MAX and three SMXL genes 316 exhibited similar expression patterns to that of WT, although their abundance was lower ( Fig. 9A,  317 B). The reduced expression of the three SMXLs was reversed when the mutant was treated with 318 rac-GR24 for 3 h ( Fig. 9B ; Supplementary Table S2 ). Intriguingly, AtNAP was significantly 319 upregulated by rac-GR24 at 3 h of treatment, suggesting it is also a SL-inducible gene. Thus, based 320 on transcription, the WT inflorescences experienced a reduction in sugar content during the 321 normal night, but this did not trigger initiation of SL biosynthesis. In the max1-5/dis15 mutant, 322 both SL signalling genes and AtNAP respond rapidly to rac-GR24 treatment, indicating these genes 323
were SL-inducible. 324 325
GR24 suppresses the transcript abundance of SnRK1-related genes in max1-5/dis15 during an 326 extended night 327 We next determined the effect of extended darkness (i.e. darkness that surpassed the anticipated 328 night period) on carbon status markers, senescence-markers, and SL biosynthesis and signalling 329 genes. In WT, at 4 h of extended night (i.e. 12 h of dark treatment), transcript abundance of AKINβ1 330 and bZIP63 was substantially increased ( Fig. 10A ; Supplementary Table S2 ). This was consistent 331
with the WT inflorescences experiencing carbon starvation as has been reported for rosette leaves 332 exposed to a 4 h extended night (Usadel et al., 2008) . Transcript abundance of ANAC092 (Kim et  333 al., 2009) and AtNAP (Guo and Gan, 2006) were also significantly increased at this time ( Fig. 10B ). 334
However, transcript abundance of MAX1 was not increased by the 4 h night extension and MAX3 335 abundance remained undetectable, suggesting SL biosynthesis was not occurring. By 10 h of 336 extended night (18 h of dark treatment), MAX1 transcript abundance had still not changed, but 337 that of MAX3 had increased suggesting SL biosynthesis had started (Fig. 10C ). The three SMXL 338 genes were differentially expressed during the extended night ( Fig. 10D ). SMXL8 transcript counts 339
were undetectable at both 4 h and 10 h of extended night; SMXL6 transcript abundance was 340 increased at 4 h but then declined; and SMXL7 started to increase at 10 h of extended night in a 341 pattern strikingly similar to MAX3. 342 343
We then determined how the patterns of expression of the above genes were affected by SL 344 deficiency by examining their transcript accumulation in the max1-5/dis15 mutant. Overall the 345 patterns of accumulation of carbon-status-related, senescence-marker genes and SL biosynthesis 346 and signalling genes in the mutant were very similar to what was seen in WT over the 10 h extended 347 night ( Fig. 10A , B, C), suggesting that their pattern of regulation was not controlled by SL. 348
Interestingly, when the mutant was treated with rac-GR24, the transcript abundance of sugar-349 related genes AKINβ1 and bZIP63 were suppressed significantly by rac-GR24 at 4 h and not at 10 h 350 of extended night. By contrast, the transcript abundance of the two senescence-related genes 351
ANAC092 and AtNAP was elevated at 12 h by rac-GR24 and so was MAX1. All three SMXL genes 352
were upregulated by rac-GR24 at both time points ( Fig. 10D) We identified two mutants, max1-5/dis15 (MAX1-G469R) and d14-6/dis9 (D14-S97F), which have 366 novel loss-of-function alleles in the SL biosynthetic gene MAX1 and receptor AtD14, respectively. 367
Both mutants exhibited delayed sepal senescence in planta and in detached inflorescences upon 368 dark or long day treatment. Such phenotypes were rescued in the max1-5/dis15 but not d14-6/dis9 369 mutant by treatment of the detached inflorescences with rac-GR24. Transcript abundance of 370 senescence marker genes was supressed in the two mutants compared with in WT in the dark. 371
These we found that transcript abundance of AKINβ1 and bZIP63 increased more in WT at 12 h (4 h into 478 extended night) than during the regular night. The sugar-responsive and senescence-controlling 479
genes ANAC092 and NAP also showed further increased transcript abundance 12 h. Then at 18 h 480 (10 h into extended night), AKINβ1 and bZIP63 did not show further transcriptional changes. This 481 could be because sugar depletion in the inflorescence is alleviated by metabolic readjustment, 482 similar to what has been found in rosette leaves, where sugar (Glc-6-P and Fru-6-P) levels were 483 partially recovered from 4 h onward in the extended night (Usadel et al., 2008) . By contrast, 484
ANAC092 and NAP transcript abundance continued to rise. This raises the possibility that at 18 h 485 the ANAC092 and NAP gene products started to initiate senescence to prevent critically low sugar 486 levels. In the max1-5/dis15 mutant, rac-GR24 treatment transiently repressed AKINβ1 and bZIP63 487 at 12 h, while ANAC092 and NAP were up-regulated. Here, the SL/GR24 treatment may induce 488 senescence -and associated sugar recovery -earlier, alleviating the need for metabolic 489 readjustment. Alternatively, the SL/GR24 may transcriptionally repress key energy-deprivation 490 regulators directly, which then prevents recovery of sugar shortage and as a necessity promotes 491 senescence as another nutrient recovery process. Regardless, these findings are consistent with 492 the idea that SL promotes senescence to restore sugar shortage. SLs may not play a major role in 493 metabolic adjustment until 18 h, when the MAX3 and SMXL7 transcripts were up-regulated in the 494
WT. SMXL7 has been found to exhibit higher transcript abundance than SMXL6 and SMXL8 in 495 senescent leaves (Stanga et al., 2013) . Thus, the up-regulation of SMXL7 at 18 h may indicate a 496 senescence regulatory role for this gene. However, we could not ignore the possibility that SMXL6 497 is also involved in regulating senescence because of its significantly changed transcript abundance 498 at 12 h and 18 h as well as its important role in regulation of shoot branching (Soundappan et al., 499 2015; Wang et al., 2015) . 500 501
We previously found during 24-h of dark treatment that soluble sugar and Chl contents reduced 502 substantially in the inflorescence (Trivellini et al., 2012) . The dark treatment was accompanied with 503 transcriptome changes of carbon-deprivation and senescence-related genes including AKINβ1, 504
bZIP63, ANAC092 and NAP (Trivellini et al., 2012) . In this study, expression of senescence-specific 505 marker gene SAG12 started to increase at 48 h in WT suggesting that senescence was well 506 underway at that time. The transcript abundances of SAG12, ANAC092 and NAP increased more 507 strikingly at 72 h and similar increases were found for the SL biosynthetic genes MAX3, MAX4 and 508 MAX1. In the SL mutants, the senescence process was slowed down and expression of ANAC092 509 and SAG12 lower than in the WT (Fig. 3 ). This demonstrates that SLs contribute to the senescence 510 of dark-detached inflorescences and is consistent with what has been observed during leaf 511 senescence (Ueda and Kusaba, 2015) . The expression pattern of signalling gene SMXL7 showed the 512 strongest correlation with that of SL biosynthetic genes and senescence marker genes, which 513 suggests involvement in senescence regulation. However, the decreased transcript abundance of 514 SMXL6 after 24 h suggests it may play a more important role in early stages of senescence. 515 516
Overall, our results suggest an intricate relationship among sugar starvation, senescence and SL 517 biosynthesis and signalling in excised inflorescences. This is supported by a recent study finding 518 that the SL-induced senescence of bamboo leaves was supressed by exogenous sugar treatment 519 (Tian et al., 2018) . SLs do not appear to have a major role in the inflorescences during the normal 520 night but are synthesised during the extended night, perhaps in response to sustained low sugar 521 content and consequent senescence initiation. It seems thus that SLs play an important role in the 522 regulation of nutrient redistribution from leaves and leaf-like organs to other organs of the plant 523 by promoting senescence progression. 524 525 For MAX1 constructs, the fragment of MAX1-WT (consisting of the 1293 bp region upstream of the 573 start codon, the 2420 bp genomic sequence, and a 185 bp region downstream of the stop codon) 574
Materials and methods
or MAX1-G469A (with a G to C mutation at position 1406 relative to the start codon of the MAX1 575 coding sequence causing a G469A substitution of MAX1 protein) was amplified from genomic DNA 576 with indicated primers ( Supplementary Table S4 ) and was then cloned into the binary vector 577 pGreen 0229 (Hellens et al., 2000) via restriction digestion with EcoRI and NotI enzymes (Roche 578
Diagnostics, Mannheim, Germany). The AtD14 construct (comprising 553 bp sequence upstream 579 of the start codon and 804 bp of the coding sequence) was provided by Pilar Cubas (Centro 580
Nacional de Biotecnología/Consejo Superior de Investigaciones Científicas; (Chevalier et al., 2014) ). 581
The positions of the mutations and the cloned regions were assigned based on the Col-0 gene and 582 protein reference sequences from TAIR (www.arabidopsis.org). These constructs were transformed 583 into A. tumefaciens GV3101 by electroporation and were then transformed by agroinfiltration to 584 homozygous mutant plants using the floral dip method (Zhang et al., 2006 Analysis Software according to user manual. All samples passed the quality control. The 612 background thresholding was set to "12" according to the count value of the internal negative 613 control. Positive control normalization was carried out by using the geometric mean of the Top 3 614 positive counts. Reference gene normalization was calculated using the geometric mean of counts 615 for the three reference genes PP2AA3/At1g13320, ACT2/At3g18780 and MON1/At2g28390 616 (Czechowski et al., 2005) . 617 618
In silico analysis 619
Sequence alignments were performed using Geneious desktop software (Kearse et al., 2012) . The 620 three-dimensional structure of AtD14 was obtained from the SL-induced AtD14-D3-ASK1-complex 621 (PDB: 5HZG) (Yao et al., 2016) Plasmid construction for transient expression assay 626
The Arabidopsis Col-0 based SL biosynthetic genes (D27, MAX3, MAX4 and MAX1) were cloned as 627 described in Zhang et al. (2014) . The Ler-0 based MAX1 gene (MAX1-WT, MAX1-G469R or MAX1-628 G469A) was cloned using the same protocol but with the primers listed in Supplementary Table S7 . in N. benthamiana we used AtD27, MAX3 and MAX4. By co-infiltrating MAX1 and genetic variants 639
with these genes we can study the conversion of CL to CLA. Infiltration was performed using 4-640
week-old N. benthamiana plants. For each gene combination, six individual plants were used as 641 biological replicates. 642 643
Analysis of carlactone and carlactonoic acid in Nicotiana benthamiana 644
Samples were analysed for the presence of CL and CLA (using UPLC-LC-MS/MS) and CLA conjugates 645
(untargeted analysis using UHPLC-qTOF-MS). For both analyses, 200 mg fine-ground N. 646
benthamiana leaves were extracted in 2 mL of ethyl acetate, using GR24 (5 pmol) as internal 647 standard. Samples were vortexed and centrifuged for 20 min at 2000 rpm. at 4°C. The supernatant 648 was dried in vacuo. Prior to mass analysis samples were reconstituted in 100 µl of 25% 649 acetonitrile/water (v/v) and filtered using a micro-spin 0.2 µm nylon membrane filter (Thermo 650
Fisher Scientific, Waltham, MA, USA). 651 652
The targeted analysis of CL and CLA was performed by Acquity UPLC system (Waters, Milford, MA, 653
USA) coupled to a Xevo® TQ-XS triple-quadrupole mass spectrometer (Waters MS Technologies, 654
Manchester, UK) with electrospray (ESI) interface. Samples were injected onto a reverse-phase 655 UPLC® column Acquity BEH C18 (2.1x100mm, 1.7 µm, Waters), thermostated at 45°C. The retention 656 of analytes was controlled by gradient elution of 15 mM formic acid in water (A) and 15 mM formic 657 Supplemental Table S1 : Pearson's chi-squared test for F2 progenies of dis9 and dis15 721
Supplemental Table S2 : Statistical analysis of nCounter data for 0, 3, 6 h and 0, 12, 18 h treatments 722 Supplemental Table S3 : HRM primers for fine mapping of dis9 723 Supplemental Table S4 : Primers used for cloning MAX1 and MAX1-G469A for genetic 724 complementation 725
Supplemental Table S5 : Primers for qRT-PCR analysis 726 Supplemental Table S6 : Probes for nCounter analysis 727 Supplemental Table S7 : Primers used for MAX1-related constructions for Agro-infiltration in 728 N.benthamiana 729 Supplemental Table S8 : Gene and protein accession numbers 730 731 732 Acknowledgements: 733 We week-old plants that had their first flower opened on the same day. The inflorescences with 780 removed opened buds were treated with 1% DMSO (mock) and 5 µM rac-GR24 and incubated in 781 the dark for 5 days. Three biological replicates for each genotype and treatment are shown. purple and sulphur is yellow). The position of Gly-469 is indicated by the grey sphere and is 811 highlighted by a red arrow. The structure is presented in cartoon representation coloured in a 812 rainbow scheme (N to C terminus from blue to red 1TQN) . The haem group is presented as purple sticks (carbons mostly), which is indicated by a purple arrow. The side chain of Cys-467 (in black; haem ligand) is represented by sticks (carbon is purple and sulphur is yellow). The position of Gly-469 is indicated by the grey sphere and is highlighted by a red arrow. The structure is presented in cartoon representation coloured in a rainbow scheme (N to C terminus from blue to red). EV, empty vector (control); CL, carlactone pathway (expressing AtD27, AtMAX3, and AtMAX4); MAX1-Col/Ler, CL pathway plus MAX1 based on Col-0 or Ler-0 sequence; MAX1-GR/GA, CL pathway plus MAX1 with G469R or G469A substitutions based on Ler-0 sequence. Letters represent significant differences among different gene combinations for the infiltration for each compound comparison in one-way ANOVA. Upper and lower cases were used to distinguish the difference for each compound in (A) and (B). Means for the same compound with the same letter are not significantly different (5% least significant difference comparisons made on log-transformed data). Fig. 9 . Transcript abundance changes of strigolactone pathway genes during the regular night (A) Strigolactone (SL) biosynthetic genes; (B) SL signalling genes. Transcript abundance of each gene was quantified using nCounter analysis on RNA isolated from detached WT or max1-5/dis15 inflorescences (n = 3 samples, > 4 inflorescences from independent plants per sample) that were treated with 1% DMSO for WT and 1% DMSO/rac-GR24 for max1-5/dis15 and incubated in the dark for 0 h, 3 h and 6 h. Transcript abundance was normalised to geometric mean of PP2AA3, ACT2 and MON1. Data are mean ± standard error. Statistical significance of gene expression for all samples is listed in Supplementary Table S2 . Figure legends apply to all figures. Fig. 10 . Transcript abundance changes of sugar, senescence and strigolactone pathway genes during the extended night (A) SnRK1-related genes; (B) functional senescence regulators; (C) strigolactone (SL) biosynthetic genes; (D) SL signalling genes. Transcript abundance of each gene was quantified using nCounter technology on RNA isolated from detached WT or max1-5/dis15 inflorescences (n = 3 samples, > 4 inflorescences from independent plants per sample) that were treated with 1% DMSO for WT and 1% DMSO/rac-GR24 for max1-5/dis15 and incubated in the dark for 0 h, 12 h and 18 h. Transcript abundance was normalised to geometric mean of PP2AA3, ACT2 and MON1. Data are mean ± standard error. Statistical significance of gene expression for all samples is listed in Supplementary  Table S2 .
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